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JOINT OPTOELECTRONICS RESEARCH SCHEME
(JOERS) CONFERENCE

Organized by the Department of Trade and indus-
try, this conference, held in June 1988, was attended by
166 delegates (by invitation) from within the UK,

The objective of the meeting was to summarize the
progress of the Joint Optoelectronics Rescearch Scheme
(JOERS), which began in 1982 with a budget of £25 mil-
lion (about $46 million). This allocativn was committed
to 21 collaborative projects involving 15 companies and
23 educational institutions. A second phasc was laun-
ched in March 1986 with a funding of £11.25 million ($21
million), allowing for 10 additional projects.

A number of projects from the first stage of JOERS
have becn completed. The program has led to increased
collaboration between industry and universitics leading
to a better understanding and appreciation of each
others’ work und needs; maintaining research in op-
toelectronics where it might not otherwise have taken
place; and success in the research itseif which may lead
to exploitation by private industry.

Clearly, the evidence from this conference is that the
JOERS Program has had and is having an important and
useful impact on British technology. Onc major benefit
is that of the large-scale cooperation between British in-
dustry and British Universities on a well-delined techno-
logical objective. This has worked very well in this case
and has lead to other programs like LINK and Alvey.

[mportant dcvelopments in optoclectronics have
been made as a result of JOERS that certainly would not
have been madc as early as they were without JOERS and
may not have been made at all. As stated by Dr. Good-
fellow, the UK now has three major metalorganic chemi-
cal vapor dcposition equipment manufacturers, and
scveral chemical reagent manufacturers resulting from
the JOERS program.

The exploitation of advanced epitaxial growth tech-
nologics in the UK owes much to the JOERS program.

PROGRAM SUMMARIES

The summarics following are abstracted from hand-
out material.

Long-Wavelength Optical Fibers

This program, involving British Tclecom Rescarch
Laboratorics (BTRL) and STC Technology LTD, was
completed in April, 1987, Its objective was Lo assess the
feasibility of producing optical fibers with losses signifi-

Dr. Blackburn is the London representative of the Commerce De-
partment for industrial assessment in computer science and tele-
communications.

cantly below those achicvable in single-mode silica tele-
com fibers (0.15 dB/km at 1.55 pm). To achicve this it is
nccessary to consider materials which transmit to signifi-
cantly longer wavelengths than silica so that advantage
can be taken of the reduced Rayleigh scattering, which
has a A-4 dependence on wavelength. Among the most
promising are fluoride gases, which have theoretical
losses at an order of magnitude lower than silica in the
waveband 2.5 to 3.5 pm.

Facilitics were established at both industrial partners
to producc high-purity samples of fluorozirconati glasscs.
Studics of the thermal stability of these glasses at the De-
partment of Electrical and Elcctronics Engincering at
Shefhield University enabled the optimum compositions
10 be established. Long lengths of multimode fiber with
good dimensional control can be produced. Fiber losses
have been reduced to well below 100 dB/km achieved at
BTRL, closc to the world best of 1 dB/km. A good un-
derstanding of the loss mechanisms in these fibers has
been obtained, enabling a realistic estimate of the mini-
mum achicvable losses to be made: 0.03 dB/km -t
1.55 wm. Significant progress was made in reducing the
cextrinsic absorption losses, in particular the fundamcntal
water peak at 2.9 pm. A study has been made at the War-
wick University Materials Lab of alternative oxyhalide
glasscs. However, these arc not competitive with fluoride
glasses as low-loss fiber materials.

Semiconductor Waveguide Integrated Optics Base
Technology

This program was conducted by BTRL and Plessey
Rescarch Ltd.

Currently many laboratorics arc developing inte-
grated optical components using lithium niobate and
other nonsemiconductor materials. eventually, intc-
grated optical components using semiconductors may
give superior performance, cost, and rchability because
optical sources (laser and light emitting diodes),
photodetectors, and clectronic components may be inte-
grated monolithically with the optical waveguide devices.

This JOERS project was to study technical aspects
crucial to the development of semiconductor integrated
optics such as dry ctching techniques, selective arca epi-
toxy, novel waveguides, and theorctical asscssment tech-
niqucs.

The most significant development has been the dem-
onstration of very low loss waveguides in GaAs and InP
materials systems. Losses of less than 1 dB/em have been
obtained for single-mode waveguides in both. This puts
the UK in the lead in this ficld. A nondestructive method




of measuring loss developed as part of the project has
been invaluable in allowing the low loss measurements Lo
be accurately made.

Theorctical studies have resulted in a varicty of com-
puter programs, for use in microcomputers, being dis-
tributed to the collaboraters for device design.

Theory and Technology of Quantum Wells in Semi-
conductors for Optoelectronics Applications

BTRL, Plessev Research, and GEC Rcscarch par-
ticipated in tims program. It involved materials growth
and assessment, experimental measurements, and the-
orctical studies of quantum well structurcs in a number
of different 111-V materials systems ol relevance to op-
toclectronic devices. The overall aim ol the measure-
ments and theory is to gain an understanding of carricr
hifctimes.

Quantum well samples with various well and barrier
widths have been grown in the GaAs system by all three
collaborators and supplied to Essex for measurcment.
The measurement facility developed at Essex includes
equipment for measuring photoconductivity at magnetic
tields up to 7 T with 100-ps laser pulses at temperatures
down to 2K, in addition to facilitics for measuring optical
absorption and photolumincscence, and clcan-room spe-
cimen preparation. The optical measurements indicated
the presence of quantum wells very clearly, however the
photoconductivity measurements showed a highly com-
plex behavior suggestive of a dominant rofe being played
by defects and asymmetries in the growth process which
are often masked by doping,.

Quantum well samples of interest lor application in
long-wavclength optical communications have been
grown in the InP/Ga InAs and GalnAs/AlInAs/InP sys-
tems at Plessey, in GalnAs/AllnAs at BTRL, and in
GaSb/AlGaSh at GEC. In-house assessment facilitics of
the collaborators confirmed the existence of quantum
wells in all these materials samples, with the BTRL sam-
ples showing well widths down to a single monolayer of
GalnAs as evidenced by low-temperature photolumines-
cence. Mcasurements on these samples at Essex were de-
layed but have now begun.,

At BTRL signilicant progress has been made in un-
derstanding the polarization dependence of optical gain,
the nonradiative Auger recombination which can hamper
laser operation, and the nonlinear optical propertics of
quantum wells. Plessey has developed a comprehensive
theoretical model for quantum well lasers and has incor-
porated into it the BTRL Auger transition rates as well
as results on intervalence band absorption from Durham
University. The effects of electron-clectron scattering
and of carrier capture dynamics were included to obtain
animproved agreement with experimental data. At GEC
the theoretical work has concentrated on band structure
calculations for the antimonides and for superlattices in
order to obtain an understanding of the role of tunnelling
as current/voltage charactertstics.

Metalo-organic Chemical Vapor Deposition
{(MOCVD) Growth and Assessment Of Indium Phos-
phide Based Optoelectronic Materials

The aim of this program was to develop the MOCVD
of InP-based mixed 111-V Materials to the stage where ad-
vanced and sophisticated heterostructure multilayers can
be prepared reproducibly over wide doping concentrated
ranges and then be preciscly characterized and specified
for optoelectronic functions. The participants are Ples-
sey Rescarch, BTRL, STC Technology, St Andrews
University, Queen Mary College (London), University of
Manchester, and University of Oxford.

Safety purification and handling of Group HI and
Group V precursors have been pursued at Queen Mary
College and St. Andrews University and prototype and
manufacturcd materials evaluated in the industrial labor-
atories. Adducts, metal-amines, diphos adduct com-
pounds—in addition to conventional trimethyl metal
compounds and tricthyl-diphos materials —have becn
prepared in purified form. Technology transfer to UK
manufacturers of key processes has been donc, and con-
sistent high-quality Group III precursors arc now avail-
able for UK industry and for export. Some progress has
been made on Group V precursors as well.

In epitaxial growth, four methods have been as-
sessed: growth from adducts, in-sifu formation of ad-
ducts, direct growth without adduct formation at
atmospheric pressure, and direct growth at low pressure.
Binary, ternary, and quaternary combinations from the
GaAlInAsP system have been prepared and state-of-the-
art purities, compositional control, lattice matching, and
efficient photoluminescence have been achieved. Thosc
achievements result from the improved reagents and also
improved gas handling manifolds, improved reactive ccll
design and better pressure control.

Lattice-matched GalnAs/InP, GalnAsP/InP, Alln-
GaAs/InP structures have been prepared in single-laycr
form and in multiquantum well structures. Materials
have been effectively tested in device demonstrators and
1.7 kA/cm® 1.3-m lasers, 97-percent quantum efficiency
2-m detectors, high gm FET’s, and quantum well lasers
have been developed by the industrial partners.

Metallurgical characterization using TEM, SEM, ca-
thodo-lumi-.escence and x-ray analysis has measured the
structural quality and enabled the origins of defects tobe
found. Tt has identified the effects of cyclical paramcter
variation during growth, as well as interesting composi-
tional-dependent cffccts such as spinodal decomposition
and interface roughncss between particular ternary com-
positions.

Langmuir-Blodgett and Related Polymer Films for
Optoelectronics

The collaborators in this program arc GEC Re-
scarch, BTRL, Plessev Research, and the Universities of
Lancastcr, Durham, and Hull.




Certain classes of organic materials provide some of
the highest optically nonlincar cocfficicnts. Single-crys-
tal organics are being studied separatcely in the JOERS
but this project concentrates on thin organic lilms and
sccks to take advantage of two particular aspects of film
technology. First it may be possible to avoid the cancel-
lation effects that occur in crystals for some of the more
promising molccular structures. Secondly, thin organic
film technology should be particularly suitable for fabri-
cation of planar devices and for developing hybrid or
monolithic integration of optoelectronic circuits.

The main emphasis is on the Langmuir-Blodgett (L-
B) films, offering the advantages of closc control of film
thickness, composition, and order with the flexibility to
incorporate a wide range of functional molccular groups
and propertics.

A wide range of high-coefficient organic molecules
have been synthesized, many of which have proved suit-
able for L-B deposition. Automated L-B troughs have
been developed allowing disposition of multilayers > 1/m
thick. Extrinsic sources of optical loss have been mi-
nimized, cnabling total losses as low as 10 dB/cm, depend-
ing on film composition. Detailed structural analysis of
the films has cstablished that molecules may pack with
very large (40 degree) tilt angles from the normal to the
planc. Symmctrical § decomposition has proved to be
dominant, and to overcome this, decomposition of alter-
nate layers of different molecules have been developed.
Second harmonic generation from the multilayers can be
significantly in ¢xcess of the sum of the clfects from single
layers. Current exploitation of these effects has led o
second harmonic generation of 50 times the valuc for h-
thium niobatc, with considerable scope for further op-
timization,

Work an polymer films has concentrated on
guest, 1ost systems with high electro-optic-coefficient
molec iles as the guest in a host of cost PVDF copolymer
film. Stablc internal ficlds of = 1.1 degree v/m have becn
established, leading to second harmonic gencration of
6.1°8csu, the highest value published to date. Optical loss
is as low as S dB/cm at a wavelength of 0.633 um and is
dominated by the host material. It is expected Lo be
1-2dB/em at A= 1.3-1.5 um.

Molecular Beam Epitaxy (MBE) Growth of 11l-V Ma-
terials for Advanced Optoelectronics Technology

The participants in this program arc BTRL, GEC
Rescarch, and the Universities of Glasgow and of Man-
chester.

The aim ol the program is to cstablish an MBE
growth capahility so that the gcometric advantages of the
technique can be cexploited in -V materials for ad-
vanced optoclectronic technotogy. Targets are: control
of composition. thickness, and doping; heterojunction
formation and asscssment; and layer growth for device
fabrication.

At BTRL work has continued on the GalnAs and
AllnAs ternary alloy systems for telecommunications ap-
plications at 1.3 and 1.5 um. State-of-the-art material is
now routinely produced on 2-inch InP wafers with excel-
lent umformity across the wafer. Effort has concentrated
on improving intcrface sharpacss for application in
MQW lascrs. Single quantum well structures have been
produced where PL line widths at 4 K are an order of
magnitude narrower than previously reported. A quan-
tum well 6 angstroms in width is clearly resolved, and
emission {rom this well was observed at 897.3 nm, Simi-
larly, results of modulation-doped hetrostructure results
indicate that the interface is of extremely high quality,
yiclding a 1.2 K mobility in excess of 170,000 cm?V™!s™,
the longest yet reported for this materials system,

Al GEC the impetus has becn to find a suttablc n-
type dopant for GaSb and AlGaSb. Work has concen-
trated on the chalcogens S, Se, and Tc and it has been
shown that Tc is the most suitable in terms of clectrical
activation and the depth of the donor below the conduc-
tion band for AlGaSb. This study has then been applicd
to the growth of GaSb/AlGaSb laser structures which
consist of a GRINSCH type structurc with x=0.45 in the
cladding layers graded to x = 0.3 before the active region.,
The active region has an MQW stack of GaSh/AlGaSh
(where x=0.3). Increased lumincscence has been ob-
scrved in GaAlSD layers by optimizing the growth condi-
tions. A study of GaAsSb of various composition has
been made for TEM analysis. The University of Man-
chester, in collaboration with GEC, has investigated the
incorporation of S into SaSb using an electrochemical
cell. Here the emphasis has been directed towards in-
situ-deposited epitaxial aluminum contacts, which
yiclded excellent Schottky barriers. The University of
Manchester has also established the growth and doping
conditions of InAsSb lattice matched to GaSb; this is a
matcrials systems which is important for operation at
3 um. At the University of Glasgow, before a fire de-
stroyed the MBE facility in mid-1986, a thorough investi-
gation of undoped and n-type InP had been undertaken
to optimize the clectrical and optical propertics. The 77
K Hall data for InP-doped n-type at 2x10%cm™ had
w = 42,5000 cm?V™'S"!, and was the best rcported for this
material grown by MBE from solid sources.

Anisotropic Fluorophors for Electro-optic Displays

The participants in this program were GEC Re-
scarch, BDH LUTD and the University of Leeds.

Liquid Crystal Displays (LCD’s) have low power
consumption and cxcellent contrast in bright ambicnt
light. However, they suffer from a dull appearance and
poor legibility in dim ambicnt lighting, and have a rc-
stricted angle of view compared to emissive displays. The
aim of the program was to investigate the usc of dyes with
anisotropic fluorcscence to enhance the brightness of the
LCD’s, especially when viewed under low-light levels,




thus combining the visual appeal of emissive displays with
the benefits of LCD technology.

The perylene diesters have been shown to be suitable
fluorophors. A wide range of these which combine a high
order parameter and high fluorescence cfficiency with
good photostability have been identified and synthesized.
Ancenergy transler mechanism was identificd in which in-
visible ultraviolet radiation is absorbed by the LC host,
and its cnergy is transferred to the dye, which sub-
sequently becomes fluorescent. The dyes have been puri-
ficd, and show improved photostability to uv radiation.
Difterent 1O hosts have been designed that are suitable
for twisted nematic displays and for other types of fluo-
rescent displays. The dye/host mixtures have been char-
acterized and incorporated in demonstrators.  These
have dark scgments on a bright green background, and
exhibit a good contrast ratio and a hemispherical viewing
angle.

Components for Coherent Optical Systems

The participants in this program arc BTL, Plessey
Rescarch, and the Universitics of Glasgow and of Cam-
bridge.

Special emphasis will be given to techaiques com-
patible with very high capacity transmission rather than
high sensitivity at currently achicvable capacitics. The
relative improvements in receiver sensitivity of coherent
detection over direcet detection tends to increasc with ris-
ing receiver bandwidth.  Also, to realize the ultimate
lransmission capacity of monomade fiber it will be
necessary to multiplex and demultiplex many closely
spaced laser frequencies, and for this, coherent tech-
niques should prove essential. Four schemes for coher-
ent detection arce being considered:  optical phase lock
loop; multipart detection; Costas loop receiver; and syn-
chronous detection by applied local oscillator modula-
tion.

The Cambridge group is concentrating on optical
multiport detection. Both experimental and theorctical
work has been carried out on four-port homodyne re-
ceiver systems. Also multiport detection techniques have
been used (o investigate the spectral characteristics of la-
sers for coherent systems. A measurement system has
been assembled using components provided by Plesscy
and is heing uscd to assess the characteristics of single-
mode DFB lascers.

The Glasgow group has progressed in both theorceti-
cal and practical aspects of Costas loop homodync recci-
vers. A Costas loop was implemented but difficultics
were experienced in achiceving lock — attributable to the
broad lincwidth of the lasers being uscd. An analysis of
the cffect of loop propagation delay on phasc error and
loop stability was carried out. This indicates the need for
narrower-linc-widih laser sources in order that the loop
delay doces not severely degrade receiver perlor-
mance.techniques for producing single-mode narrow-
linc-width laser sources suitable for homodyne type

raArorpp_km/m¥smsms-s—ses-sm

systems, and theoretical studies of novel quasi-homodyne
receiver concepts. Laser sources considered have been
DFB lasers, both with and without an cxternal form of
cavity, and a multimodc Fabry-Perot laser combined with
a fiber grating external cavity to provide modc selection
and line narrowing. The latter shows promise of devel-
opment of a stable narrow-line-width semiconductor
laser source, and linc widths down to 3 kHz have been ob-
tained.

The STL program involves experimental and theore-
tical studics of the three-port phase-diversity detection
scheme developed there. Initial results have been re-
ported on the performance of a system employing non-
line-narrowed DFB lasers and wide-deviation FSK
signaling.

Programmable All-Optical and Optoelectronic De-
vices and Their Applications

The participants in the effort are GEC Research,
STC Technology, British Aerospace, Plessey, RSRE,
Kings College (London), Heriot-Watt University, Paisley
University, and Manchester University.

The aim of the project was to investigate and develcp
spatial light modulators and signal processing devices,
which exploit the basic parallelism of optics, and to inves-
tigate their implementation into a practical laboratory
system for two-dimensional optical signal processing of
images and input data as a basis for future business.

In spatial light modulators, materials and devices
have been developed including: BSO/liquid crystal de-
vices; Si photodiode/LCD; clectronic addressing/LCD;
and InSb and photochromic Fabry-Perot devices.

In nonlinear oplics a greater understanding of four-
wave mixing has been developed together with its adap-
tation and control. The theory and practice of optical and
optothermal nonlincarities have been developed with
particular cmphasis on two-dimensional arrays of switch-
ing devices.

The design of real-time optical image corrclators has
been optimized. The project has designed, evaluated,
and copicd CGH'’s, and constructed a dedicated optical
plotter. CGH systems have been applied to image pre-
processing and lascr-beam profile modification. Finally,
two demonstrators have been designed and built, one op-
tically addressed and one clectrically addressed.

Organic Electro-optic and Nonlinear Optical Materi-
als

Organizations involved in this study were ICI, GEC
Research, BDH, Plessey Research, University of Strath-
clyde, Queen Mary College (London), University of
Manchester, and Heriot-Watt University.

The aim of this program was to produce improved
matcrial for the manufacture of commercially important
optoclectronic devices.

The work has been that of molecular modceling and
design, synthesis, and characterization, and initial device




technology investigations. Much of the theoretical mode-

ling has been done by the universitics, the indicated mole-

cules being synthesized by the chemical companies with
characterization and guidance on device parametcers sup-
plied by the clectronic companics.

Over 100 compounds have been screened and about
a dozen identified as having favorable propertics.

The production of single crystals and thin films {from
these compounds has been difficult but not unsuccessful.
One disappointment was the tendency for molcculer with
higher second-order nonlinear coefficients to crystallize
into centro-symmetric and hence inactive forms. Some of
the significant achievements of the program are:

o Computcr programs have been developed to calculate
molccular nonlinear optical cocfticicnts and to relate
molecular response to that in a crystal. These pro-
grams have identified many useful compounds and
provided a reliable guide to the synthesis work.o Over
100 compounds have been synthesized and screened.

o Standardizcd laser characterization facilities have
been set up.

e A compound patented within the project has been
shown 1o have a powder SHG 500 times that of urea,
making it comparable with the best matcrials reported
in the litcraturc.

e A technique for growing thin-film single crystals from
the melt has been developed.

e Large singlc-crystals of X@ materials have been
grown.

e A process for the manufacture of nonlincar wave-
guides in polymeric substrates has been patented.

e Thin-film wavcguides of both X® and X3 materials
have becn made and characterized.

Polymer Optical Fibers with Low Loss

Participants in this program are GEC Research, ICI,
Westland Helicopters, Lucas Aerospace, University of
Southampton, and the London School of Palymers.

This 3-year program has attempted to build up the
undcrstanding and skills required to make a polymer op-
tical fiber with losses below 0.1 dB/m and has included
the following stages:

e Materials selcction, characterization and synthesis
o Fiber processing
e Systcm studics.

Procedurcs for the purification of styrenc and acry-
latc monomers and their subsequent bulk polymerization
have been examined and adapted to allow fiber produc-
tion direct from the reaction vessel or 1o make preforms
for subscquent fiber drawing, This involved the sctting
up of a pilot plant suitable for making up to 400-m lengths
of 0.5-mm-diamctcr fibers.

e ——

Optimum results have been obtained with PS cored
fiber and an cthylene vinyl acetate copolymer (EVA)-
based cladding. Lasscs of below 0.3 dB/m werc achicved.
The inability to achicve losses lower than 0.2 dB/m s at-
tributed to inadequacices in the core cladding procedurcs,
and this requires further investigation.

The preparation of the novel polymers, based on flu-
orine chemistry, proved more difficult than expected. Al-
though many of the problems associated with their
synthesis have now been overcome they were not pro-
duced in sufficient quantitics to enable fiber to be made
and evaluated.

Techniques for the characterization of optically
transparent polymers and of fibers have been studied and
procedures established. System studies have becn under-
taken and demonstration systems sct up. In addition, a
number of sensor applications have been studied.

Alternative InorganicMaterialsforOptoelectronics

Participants in this effort are: GEC Research, Ples-
sey, University College (London), University of Sussex,
University of Oxford, and Queen Mary College (Lon-
don).

The program was designed to achicve improvements
in cstablished materials, provide materials presently un-
obtainable with required quality, and identify alternative
propertics for specific device applications.

The principal topics of collaboration have been:

e Production of light guides
o Photorefractive materials
e Metallo-organic compounds
o Fabrication techniques for optical components
e Mcasurement and theory of optical properties
o Thin-film deposition.

The main achievement include:

o Growth and characterization of bismuth titanium
oxide and doped sillenite crystals

e Hydrothermally deposited single-crystal, low-loss,
high-damage-threshold optical guides

e Amorphous, planar guides deposited by plasma-en-
hanced CVD

® /n-sifu guide formation by ion-implantation technigues
o Thin-film lithium niobate deposition by LPE
e Deposition of PLZT thin films by RF sputtering

& MOCVD deposition of lithium tantalate and Icad tita-
nate thin films

e Dcvelopment of a high-rate ion milling process for sili-
con

e New techniqucs for high precision

o Opticalloss and refractive index profile measurcments




o A theory describing the origin of coptical rotation in
crystals

® A hich-precision, high-spatial-resolution optical
microscopy method for mapping and imaging optical-
retardation‘optical-anisotropy distributions.

Liquid Crystal Polymers and Optical Memories

Participating organizations here are: GEC Re-
scarch, Lascr-Scan Laboratories, and the University of
Hull.

This project is concerned with investigating novel
materials and their possible usc in optical storage appli-
cations.

Muterials development and cvaluation has concen-
trated on the synthesis of polymer liquid crystal materi-
als. A range of over 20 new polymer compounds hasbeen
developed and characterized for liguid crystal behavior.

Investigation into suitable mounting formats for the
materials has been undertaken, and a reliable method of
fubricating experimental samples already devised.
Equipment has been developed to evaluate the temporal
thermo-optic response of the matertals, and this has led
to novel cquipment and measurement 1echniques.

Scanning laser equipment has been constructed to
characterize the writing and readout performance of the
materials. Potential applications for the materials have
been identificd, and evaluation and development of new
luser deffection methods to exploit these applications is
underway.

Optical Guiding Elements Using Liquid Crystals
Working on this project are: GEC Rescarch, BDH,
and University of Southampton.
The work of this project has concentrated on the fol-
lowing four arcas:

o Optical and electrical characterization of liquid crys-
tal materials

e Design and synthesis of improved liquid crystal materi-
als

e Development of compatible waveguide technology
¢ Device design and implementation.

Basic optical parameters of many cxisting display
mixturcs were evaluated. This included mcasurement of
optical attenuation, refractive index, and birefringence at
660 nm, 850 nm and 1300 nm. The most uscful of the exist-
ing matcrials was identified in this way. Design guidelines
for the synthesis of new, improved mixturcs werc estab-
lished.

One of the problems identified was the high refrac-
tive index of liquid crystals. This makes them incom-
patible with silica optical fibers and waveguides. New
additives for usc with hydrogenated liquid crystals have
been synthesized to produce liuid crystal mixtures with
refractive indices of less than 1.456.

Waveguide structures have been based on the con-
cept of using the liquid crystal as an overlay on an inor-
ganic substrate. Thus light is guided in a low-loss
inorganic matcrial and interacts in a controlled way with
clectro-optic liquid crystal . This technique permits op-
timization of device paramelters.

Three complementary waveguide technologies have
been used. Potassium-ion exchange has been used with
glass substrates and plasma-enhanced vapor deposition
with silicon substrates, and several novel optical fiber
manufacturing techniques have been developed.

Earlyin the project a simple planar optical switch was
demonstrated. Subscquently an optical phase modulator
was reported. A 2x2 cross-over switch is now under de-
velopment.

Novel Active Micro-optic Device

Participating organizations are: GEC Research,
Gooch and Housego, and the University of Oxford.

In this project a major part of the ceffort has been
devoted to the design and fabrication of acousto-optic fil-
ters for scenc analysis in the visible and ncar- infrared. A
one-dimensional clectro-optic filter has been successfully
completed and work started on i -iid-crystal-filled
Fabry-Pcrot cavitics. An optical switch with exception-
ally low loss and high isolation has been demonstrated.

GEC Research and Gooch and Housego have de-
signed two acousto-optic timeble filters (AOTF’s) for
opcration in the visible (400-800¢ nm) and infrared (700-
1400 nm) wavelength regions. They operate on the prin-
ciple of acousto-optic diffraction in an optically
anisotropic medium. The spectral bandpass of the filter
can be timed over large optical regions by changing the
frequency of the applicd RF signal. The AOTF has a low
fractional bandwidth, AN/X, with a large angular aperture.
The noncolinear interaction geometry was chosen in
order to make the spectral line-width relatively inde-
pendent of the angular divergence typically present in the
incident beam. Tellurium dioxide was chosen as the
acousto-optic medium for its high efficiency of interac-
tion.

Aninfrared device was fabricated and a visible range
device is ncaring completion. The IR filter has been
tested over the range 700-1100 nm, and a fractional band-
width of 0.014 has been measured. The wavelength shift
caused by angular detuning of the filter is in the region of
7 nm for 3 degrees.

The University of Oxford has developed a model of
isotropic acousto-optic diffraction in two dimensions. It
allows the input beam shape and acoustic distribution to
be specified in detail, even in the high efficiency case.
Multiple scattering, Fresnel diffraction and higher orders
are included. The program is being run with realistic de-
vice datato predict bcam quality and intermodulation be-
havior. Transducer design and anisotropic interaction
arc under study. The program should be uscful in the de-




sign of novel deviees as well as the understanding of exist-
g Measurements.

Elcetro-optical programmable filters being de-
veloped are electro-opt'c adaptation of ixed filter strue-
tures and rely oningeserence ~ e.g., Fabry-Perot ctalon
or polarization - aversion such as (Sole filier effects).
An clectro-optic analogue of a birefringent Solc filter has
been developed called an electro-optic programable fil-
ter \EOPF) using a birefringent crystal and 144 control
slectrades placed on a 50-m pitch.

The major advantages of this type of filter are low
drive power, flexibility of passband synthesis and last tun-
ing over a wide spectral range. The one- dimensional na-
ture of the aperture of the device is appropriate for
imaging systems based on lincar arravs of detectors. The
minimum fractional bandwidth is proportional to the
squarc of wavelength and varics between 10 nm at 465 nm
to 40 nm at 1K) nm.

Work on clectrically tunable and switchable Fabry-
Perot filters using nematic and smectic hiquid crystals has
begun and the imtial results are favorable,

In the work on a moving diclectric switch a diclectric
liquid is induced to move between the plates of two ad-
Jacent capacitors when a voltage 1s applicd. The diclee-
tric hiquid acts as an index-matching uid between to
prisms on which the transparent clectrodes of the capa-
citors have been lormed. When the liquid sits between
one set of capacitor plates, perfect index matching en-
ables an incident light beam to propagate through the
prisms undeflected. In the absence of the liquid dicfec-
tric, when bias is applied to the other set of clectrodes,
the beam is toially ternally reflected, through 90 de-
grees, thus forming a beam deflection switch.

Devices have been fabricated with switching times
down to 2 ps transmission losses through the switch of less
than 0.4 dB and isolation between the two parts ol better
than -30 dB (mceasurement limited). While the existing
switch could be used in a simple two-wav bypass switch,
it is possible to construct 4x4 cross bar switches using the
samg techniques.,

Advanced Fiber Measures

Participants in this completed program were: Ples-
sey Rescarch. GEC Rescarch, STC Technology, BICC
Rescarch and Engincering, York Technology, and
University of Southampton,

The aims of this program were to advance fiber tech-
nology, advance fiber measurements, and avoid duplica-
tion and cncourage cross-fertilization within the UK.
The work concerned the apphication of fibers for ad-
vanced telecommunicatons and in sensors and signal pro-
cessing. The program was completed in June 1987,

Somc specific technical achievements of the pro-
gram:

o Microbending Studies. STC achicved improved un-
derstanding of the microbending loss mechanisms in
single-modc fibers by investigating the coupling from

guided- to cladded-mode occurning when o shor
length s periodically deformed by a mechanical grat-
mg. BICC investigated the microbending losses in
cabled fihers by coating them with helically wound fine
wires in order to impress microbending of a known
pitch.

Propagation constant/interferometric measurements.
Plesscy developed a scanning interferometer capable
of measuring the wavelength variation of the propaga-
tion constant of 4 liber and its chromatic dispersion.

Ultimate loss limits. York Technology investigated the
potential use of Fourier Transform Spectroscopy
(FTS) for measurement of very small fiber losses. The
main conclusion was that the signal-to-noise advantage
of FTS was lost duc to the demands on control of the
optical path ditterence in the interferometer.

Cut-off. Tt was shown by GEC that the cqualization
wavelength of 4 fiber could be used to predict the ab-
solute cut-off wavelength.

Mode ficld radius. All members of the study measured
the mode ficld radius of singlc-mode fibers as a rou-
tine assessment or to develop new techniques. Plessey
demaonstrated the far-ficld mask technique that was ca-
pable of dirccetly measuring the so-called Petermann H
spot-size. BICC built cquipment to measure the mode
licld radius using the transverse off-sct technique and
the far-ficld variable aperture technique. A fiber with
a significantly non-Gaussion mode (dispersion shifted
{ibcr) was measurced by all members and their results
reduced to the Petermann I defintion. The compari-
son showed an error in the BICC apparatus when large
NA fibers were used, which was solved by using para-
bolic mirrors te perform the far-ficld imaging. The re-
maining results were the same to within =3.5 percent.

Polarization Mcasurements.  Plessey extended their
scanning mterferometer to measure the group defay
dilference between the two polarization modes of
highly bircfringent fibers.  The result could be ob-
tained at a single wavelength by using a white hight
source and FTS. A similar technique was used to
measure the polarization dispersion of km lengths of
standard tclecom fibers, giving valucs of about 50
fs/km. The Southampton group developed an appara-
tus for measuring fiber polarizers which is capable of
measuring extinction ratios down to -5t dB. STL,
working with Southampton used their impressed grat-
ing with highly bircfringent fiber to produce a wave-
length-dependent polarizer.

Time Dispersion. STL produced two different ap-
paratuses to directly measure the time dispersion in km
lengths of SM fiber. The use of pulsed semiconductor
lasers in place of pulsed Raman laser was investigated,
and cquipment usable in the ficld was developed.

Stress in Fibers and Preforms. Southampton and York

Universitics collaborated to modify existing transverse
rcfractive index profiling cquipment to measure the




axial stress on the preforms of birelringent fiber. The
rosult agrecd with theorencal stress profile.

Advanced Fiber Waveguide Devices Il (AFWD)

Jreanizations participating in this program are:
Plessey Rescarch, BTRL, GEC, STC. Southampton
Uniersity, and St Andrews University.

The objective of this programis to continue the study
of single-mode fiber-based componcents, building on the
work ot the AFWDI program with an emphasis on very
fast (sub-nunosccond) nonhnear signal processing, in-
cluding dicitad computing and ta nonlinear fiber function
generally.

The program began June 1987 as a follow-on to
AFWDI with the same partacers.

Active Optical Switching and Logic

Participating in this effort are: BTRL, STC, Univer-
sity of Cumbrdee and the University of Bath,

Tue objectine of the program s to study the possi-
bility of achicving by means of integeated opties based on
semiconductor Jaser structures a range of switching and
fogic function such as cross-point switch, three- and four-
point couplees, matrix switch, and pulse regencrator, and
orgates, ewverter, amplilier, and termahlity,

AL BTRL preliminary predictions of bistability oc-
curring at power inputs of the order of microwatts with
switching times in the order of nanoscconds have been
confirmed by background experimental measurements.
The carlv work was confined to transmission through an
amplificr but more recently an analysis has been made of
corresponding effects oceurring in reflection from the de-
vice. In this contiguration a wide varicty of nonlinear and
bistable elfeets has been predicted, including a new but-
terfly hyvateresis loop not widely known hitherto. Perhaps
the most uscful attribute of reflection-mode nontincar-
itics s that both NAND/NOR and AND/OR gate char-
actenisties can be achieved in principle onasingle deviee,
depending on the conditions of drive current and wave-
fength detuning,

STI has concentrated on the fabrication of special
laser structures designed 1 explore the potential of such
devices for fast pulse generation, bistability, and spatial
switching. Twin-ridge waveguide lasers have been made
using ton beam ctching techniques to penetrate the p-side
metahization, and these devices have been supplicd to the
Cambridec group. Recently, ridge wavegmde lasers with
very high quality curved ridges have been made by wet
chemical etching, curves with radit as Tow as 200 m are
achicved before the performance begins to degrade sig-
nificantlyv.

The Cambridge people have made progress using,
twin-stripe lasers from STL and four-contact devices
from BTRL. Anaimin the twin-stripe laser work was 10
demonstrate transverse modal bistability whereby the
clectron density in the laser has been minimally altered

(cnhancing the speed of response); and a first demonstra-
tion of this concept has been made.

The Bath Group is working with theoretical mode-
ling of spatial switch structures and with fabrication of
multistrip and multiscgment lasers operating at 850 nm.
The spatial switches studied have been the optical disc
resonator and the active directional coupler, and in addi-
tion to theoretical calculations, microwave simulation of
these structures has been done.

Optoelectronic Sensors

GEC Rescarch, Thorn-EMI, York Technology,
University College-London, King's College-London and
Southampton University are the principles in this pro-
gram, which aims to wentify and develop novel optical
scnsing techniques, including both intringic and extrinsic
fiber sensor development. This involves measurement
and signal processing.

By making fibers out of doped glasses, various par-
ameters may be investigated using nonlincar effects in
fibers. The Stark effect gives a variation in fiber spectral
attenuation with applied clectric field. The Zeeman cf-
fect works similarly for a magnetic field. The dependence
of polarization rotation on an applied clectric ficld for o
given length of fiber is also under investigation.

The distributed temperature sensor based on Raman
backscatter has been subject to more rigorous characteri-
zation, mainly through component development. Alter-
native connector configurations are being investigated as
is the use of a pulsed fiber laser source.

An extensive program on doping techniques for
fibers to develop fiber components and intrinsic sensors
is under way. Holmium- and ncodymium-doped fibers
have been demonstrated in a distributed temperature
sensor configuration.

A doping-induced nonlinear effect, 2 photo absorp-
tion, allows the potential development of optical fiber
correlators, distributed sensors and modulators.

High-rejection fiber wavelength filters have also
been demonstrated.  Second harmonic generation in
fibers has been shown useful for the conversion of fiber
lascr output to visible light.

An cvanescent fiekd sensor (using a hollow-center
fiber) for gas analysis has been modeled.

Thermal annealing of bow-tic fiber for magnetic ficld
scnsor developments has been examined. Results indi-
cate that the sensitivity of such a sensor using the birefrin-
genee effects in bow-tie fiber may be enhanced by an
appropriate anncaling cycle for the metal coating on the
fiber, which provides the sensitivity to the magnetic ficld.
Coatings arc also being investigated to allow or provide a
temperature compensation for birefringent fibers.

A distributed sensor based on high birefringence
fiber is under examination. It is a single-fiber interfe-
romcter using single-mode fiber dual moded at 850 nm.

A multisensor network has been built consisting of
several clectrical sensors powered, read, and activated by




light under a central controller. The system has two buscs
connecting sensors Lo the controller, a databus and a
power/address bus. The sensors remain in a passive state
until polled for their data by the controller.

Comparison of various techniques to multiplex vi-
brating sensors down a common fiber link are unde-way.
Three-sensor multiplexing using FMWC techniques is
one of several methods being investigated.

Advanced Assessment for -V Materials
The principles in this effort arc: GEC, BTRL, Plcs-
scy, STC, and the Universities of Hull, Manchester, and

Oxford. The objective is to asscss the type of TH-V semi-

conductor structures which are required for advanced

optoelectronic devices and which are now being pro-
duced as aresult of recent advances in growth techniques.

In particular this requircs:

e The determination of composition profiles through
thin or graded layers, and the width of heterointerfaces
between layers, using x-ray diffraction, secondary ion
mass spectrometry (SIMS) photoluminescence, and
photovoltage profiling

e The profiling of dopant and trace impuritics across
such structures, using capacitance-voltage techniques,
SIMS and Hull profiling

e The measurement of band edge discontinuitics at he-
terojunction, by photoluminescence, internal
photoemission, and capacitance-voltage technigues

e The investigation of deep levels, both within layers and
at interfaces between them, using deep-level transicnt
spectroscopy, photocapacitance, photolumincscence,
and optically and photovoltaically detected magnetic
resonance.

BTRL hus performed the first in-depth characteriza-
tion of AllnAs and GEC is providing the first detailed
compositional map of AlGaSb by Raman spectroscopy.
GEC has developed a technigue for compensation profil-
ing and BTRL has cxtended the uscfulness of photovolt-
age spectroscopy in ternary systems and to
multi-quantum well charactcrization. A full study of the
various numerical techniques for solving Poisson’s cqua-
tion has been undertaken at Manchester and applied suc-
cessfully to an understanding of the behavior of deep
levels in bipolar structures. C-V profiling of InP-based
materials is being done at STL and Hull University and is
providing fundamental matcrial paramcters from Mag-
ncto-optical experiments.

The importance of photoluminescence as a standard
characterization technique tool has been consolidated,
and Raman spectroscopy is proving very valuable for in-
vestigating ~frain in heteroepitaxial layers and BTRL is
obtaiing period lengths in multi-quantum wells by ob-
scrving the folded acoustic modes that occur in these
repetitive structures.

Advances madce on the structural aspects include the
preparation of photolithographically defined ncedles at

Plessey for use by the Oxford group in their pulsed-laser
atom probe system. State-of-the-art SIMS at BTRL has
improved the detection limits and quaatification of key
dopants in 111-V compounds. X-ray diffraction analysis
has been extended to unstrained (GalnAs/InP) and
strained (InAs/GaAs) superlattices. Progress at STL in-
cludes Auger Profiles on InP-based materials.

Digital Optic: Applications to Computing and Com-
munications

GEC, Plessey, STC, University College (London),
Imperial College, and the University of Cambridge arc
the participants in this program.

Two potential attractions of optical logic are paral-
Iclism and speed. But optical fibers are alrcady in use for
intersystem communication and a number of the new
generation of digital clectronic machines have optical
backplancs linking processor and memory boards within
a single system. 1 is possible that optics will permeate all
Jevels of computing systems, making extensive use of elee-
trical intervention where this can aid sensitivity and fas-
ter clectronic-to-optical interfacing.  Properly dirccted
rescarch should offer solutions to some of the major prob-
fems that confront computer system designers at present,
such as clock skew, interconnection bandwidth, and
memory access. In this program the natural parallelism
and wide bandwidth available from simple optical sys-
tems will be exploited in a number of ways for providing
space wiring between logic plancs such that novel system
architecturcs can be implemented.

Hybrid electro-optic devices offer the possibility of
exploiting electronics and optics for those functions in
which cach excels. The intimate involvement of elec-
tronic componcnts implics easy interfacing to clectronic
processors, and by linking thesc concepts, the workcers
plan to rcalize the potential that optics offers. This re-
lates to speed at the frontiers of clectronics or beyon-
doperating on optical input and output data strcams using,
parallel arrays of up to 10* clements, cach having a large
number of possible interconnections.  Applications in-
clude signal processors, intelligent reconfigurable inter-
connects, and communications terminals and switches.
The research output will be optical processing devices. an
insight into algorithms and appropriate architectures,
and the technology for optical wiring. The program will
deal with sysicms architectures devices and subsystems,
and intcrconnection technologices.

During the first phasc of this program improvements
have been madce in both the production and asscssment
of the multi-quantum well and superlatticc materials re-
quired for devices construction.  Initial prototypes of
both liquid crystal and PLZT-bascd spatial light modula-
tors have been assembled. Performance specification ta-
bles are being produced for each device.

The architcctures and algorithms section of the pro-
gram has concentrated on the identification of suitable




arcas for the introduction of optical technologics and on
the definition and implementation of the two simulators
required for future assessments. Closely coupled to this,
investigations have begun on the various optical intercon-
ncction technologics to assess their practicality and to
identify any constraints these may imposc on the architec-
tures.

Organic Electro-optic and Nonlinear Optical Materi-
als

Participanting in this program are ICI, GEC, Plessey,
BDH, Strathelvde University, Queen Mary College (Lon-
don), University of Manchester and Heriot-Watt Univer-
sity.

The program continues the work carricd out under
the previous project of the same title (page 4, above)., The
main cmphasis of this continuation is on practical device
technelogies. A number of demonstrator deviees will be
made. The main program items arc:

o Dcsign, synthesis, and characterization of organic non-
linear muaterials

e Fabrication of thin films

o Optical waveguide deflinition

e Mectalization and encapsulation

e Manufacture and testing of demonstrator devices

Specilications for a number of devices which use the
unique advantages of organic materials have been pro-
duced.

High-Performance Spatial Light Modulators
GEC, STC, and the Universitics of Edinburgh and

Manchester are the participants in this program, which

has two independent parts, cach o produce and demon-

strate spatial light modulators (SLM’s) with framing
speeds of up to 10 kHz. One SLM is (o be opticatly ad-
dressed and the other electrically addressed. Both de-
vices are o be operated in the reflection mode and arc
intended lor use as inputs to optical corrclators and other
processors and display applications.

The program started in April 1987 and has pro-
gressed as follows:

e The optically addressed device will comprise an Si
photoconductor light blocking layer and a diclectric
mirror together with a smectic liquid crystal ¢lectro-
optic laver. Initial work has concentrated on develop-
ment of the o Si deposition technology and cell
construction techniques. For the former, very high-re-
sistance (pn1010cm), highly productive uniform layers
of a Si have been deposited. A major ¢ffort has been
directed to the construction of thin (about 2 pm cx-
tremely uniform about 0.1 pm variation) cclls that arc
required for use with smectic C liquid crystals.

The drive arrangement for the final SI.M has been in-
vestig: o and a possible scheme identificd. A drive

box capable of gencrating the required pulses to fur-
ther test the same scheme is being constructed.

o A proof of principle device has been constructed. The
device demonstrates the first smectic C device, pro-
duced on the high-performance SLM project, provid-
ing an optically addressed SLM function.

e For the electrically addressed devices the drive cir-
cuitryis currcatly being designed in CMOS. There are
no immecdiate results to be reported.

Integrated Optical Device Technology

Participants in this project are GEC, Plessey, STC,
University of Glasgow, and University College (London).

The aim is to develop advanced integrated optic con-
cepts for guided-wave electro-optic and nonlinear opti-
cal device functions. It builds on a successful previous
JOERS projcct, "Lithium Niobate for Integrated Optics,”
by considering device structures and concepts with in-
creascd sophistication and complexity. The primary cf-
fort concerns structures in lithium niobate. Electro-optic
device concepts are studied for high-speed modulation
and intracavity laser contro! elements. Nonlinear apph-
cations of integrated optics technology in harmonic
generation and parametric interactions form a major cle-
ment of the program. The design and fabrication tech-
nology for filters, couplers, and reflectors enwvisaged,
including dircct application to the electro-optic and non-
lincar optic device concepts, are identified above.

At the time of reporting, the program had been
underway for only 4 months, and progress had been con-
fincd to cstablishing designs for waveguide and clectrode
structures; photolithographic masks; theorctical mode-
ling of intercavity structures, modulators, and gratings; in-
itial cvaluation of overlayer grating fabrication
techniques; and theoretical and preliminary experimen-
tal assessment of nonlincar waveguide formats.

Theory and Characterization of Advanced Photode-
tectors

Plessey, GEC, St. Andrews University and the
University of Shefficld are the participants in this pro-
gram for the evaluation of advanced detector structures
for high-speed, high- sensitivity applications, and falls
into the categories of experimental characterization and
theoretical modeling.

The investigation will include PIN devices without
gain and a range of avalanche photodetectors based on
bulk and MOW structures in the InP-based material sys-
tems. Establishing techniques for high- speed measurc-
ments of long-wavelength devices forms an essential part
of the program.,

The modeling activities will cover a diverse range, in-
cluding the response characteristics on PIN devices at
high speed, gain-bandwidth effects in APD’s and lucky
drift and Montc Carlo analysis of avalanche processes in
MOW structures.
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Key achicvements to date are:

® Demonstration of ava. inche multiplication in InP/In-
GaAs MOW structure:,

® One-dimcensional electric ficld/ionization intcgral
simulation for InP/InGaAs SAM APD’s cstablished

e Equivalent circuit model of high-spced PIN devices
qualificd based ITO/GaAs high-specd photodiode ex-
perimcntal data

@ Fabrication of GalnAs photoconductive sampling
gates for long wavelength initiated

o Impulsc mcasurcment on GalnAs photodiode have
been carricd out and shown to be limited by sampling
scope response.

Integrated Optics Base Technology

Participanting in this program are Plessey, BT, STC,
University of Glasgow, and University of Shefficld.

The program carries out precompelitive rescarch on
monolithic optoelectronic integration to demonstrate
such technology in various integrated waveguide ele-
ments. It will build on the JOERS program, "Scmicon-
ductor Waveguide Integrated Optics Base Technology,”
with ecmphasis on InP-based long-wavclength materials,

The aim will be to demonstrate the ability to make
the clements of semiconductor-based waveguide device
—such as bends, tapers, mirrors, couplers, and wave-
guide selector clements — together with the measurcment
and asscssment of the performance of these devices. In
parallel with the device fabrication and asscssment acti-
vities, processing technologics will be studied, which are
seen as esscntial for the processing of the complex struc-
ture nccessary for an integrated opto-clectronic circuit.

The development of dry processing tcchniques to re-
producibly pattern InP-based ternary and quatcrnary ma-
terialis scen as an essential requirement in fabricating the
demonstrators. Processcs involving both plasma and ion
beam techniques have been identified in achicving these
aims and they are now being optimized on specific device
structurcs.

Low-loss waveguides fabricated in the quater-
nary/InP systcm have been demonstrated and a study of
fabrication tcchniques for buried waveguides initiated.
Progress on in-situ SIMS sampling to asscss depth loca-
tion during ctching has reached the stage where individ-
ual quantum well layers can be identified.

Advanced MOCVD Technology for ili-V Optoelec-
tronic Materials and Heterostructures

Plesscy, STC, Epichem, Loughborough Consultants,
University of Manchester, Queen Mary College, and
University of Oxford, are the participants in this program
which will cover:

® The preparation of advanced 111-V heterostructures

® The synthesis and evaluation of novel precursors, and
the characterization of their chemical behavior

e Scmiconductor evaluation.
Progress to datc includes:

® The preparation at STC of the highest purity InP ever
preparcd anywhere by a technique developed at
Epichem was uscd.

e Excellent AllnAs prepared at Plessey with high crys-
tallinity (x-ray diffraction) low carricr concentrations,
and increascd intensity luminescence.

o First quaternary laycrs of GaAllnAs prepared at Ples-
sey.

e Further improvements in GalnAsP growth at both
STC and Plesscy.

o Quantum wells in GalnAsP/InP.

® Advances made at Quecn Mary College on tricthylin-
dium and triethylgallium diphos adducts and informa-
tion transferred to Epichem for commercial
exploitation.

e Incorporation of As in InP at Manchester.

e Continued progress in the characterization of electri-
cal, optical, and structural properties of materials at
high resolution at the Universities of Manchester and
Oxford.

Long Wavelength Fluorophors for Liquid Crystal
Displays

Parlicipants in this research are BDH, GEC, and the
University of Leeds.

The passive operation of conventional liquid crystal
displays (LLCD’s) is responsible for their desirable char-
actcristics of low power consumption and abscnce of
wash-out in strong light, but also for their poor visibility
under low ambient light. A further disadvantage of LCD
operating modes is a viewing angle characteristic inferior
to that of competing technologics. The use of anisotropic
fluorescent dyes as guests in a liquid crystal solvent pro-
vides a switchable emission of light under UV excitation,
and the resulting display cnables these problems to be
overcome. This project aims to provide and characterize
dves suitabic for this type of display which emit in the
orange/red region of the spectrum, and to construct dem-
onstrator devices using optimized display cells, hosts, and
dycs.

The University of Lecds is synthesizing prospective
fluorophors and tailoring the molecular structure to op-
timize solubility and order parameters. Products are
tested for these properties, and the excitation and
emission spectra arc measured.

BDH is carrying out extensive tests of stability on
dyc/host systems and is developing new liquid crystal host
mixtures needed for fluorescent displays. The scale-up
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of dye synthesis and provision of intermediates is also
being carried out at BDH.,

GEC is cvaluating fluorescent LC solutions and in-
vestigating their usce in different display modes. Test and
demonstrator devices are being made together with their
necessary drive clectronics, and the cffects of differcnt
lighting and viewing conditions are being cstablished.

Four diffcrent fluorophor systems have been selected
for initial exploration, and samples of each have been syn-
thesized. Structural classes denoted 1 and 1T show poor
photo chemical stability, although reasonable values of
order parameter and solubility could be obtained. Struc-
tural class HI dyes appear most promising: their stability
is better und may be further improved by use of an appro-
priate stabilizer. Optimization of the solubility and order
parameter has been done. Class 1V provides dyes of im-
proved stability, but these compounds show low solubility
and further exploration is needed.

Successful operation of these displays relics on an in-
termolecular energy transfer from a UV absorber to the
fluorosphor molecule in order to obtain a large cumula-
tive Stokes shift. This phenomenon has been demon-
strated to occur with high efficiency in red fluorophor
systems.  New energy transfer agents have been found
which greatly widen the scope of LC materials which can
be used. The influence of host on display lifetime is being
studicd, initially using model green fluorescent dyes, and
the work will shortly be applicd to red systems.

Low hircfringence and negative anisotropy hosts
have been tormutated to allow phase change and reverse
contrast device modes to be explored. Test devices have
been constructed which have good appcearance. The con-
struction of multiplexable displays using supcrtwist tech-
nology is under development.

Active Optical Switching

Participants in this program arc Plessey, STC, the
Universitics of Bath and Cambridge. This program,
which began in August 1987, is a follow-on to the "Active
Optical Switching and Logic” program. [t concentrates
on oplical space switching technologics using 111-V semi-
conductor malerials, a prominent emphasis being the use
of active gain media either to achieve the switching direct -
ly, or to compensate the losses of passive (c.g., electro-
optic) switches.

The main approaches being assessed arc:

® Use of a configuration of independently addressable
active waveguide sections to provide a "through” or
“cross” state depending on whether various scctions
arc pumped (i.c., transparent) or not (opaquc)

® Usc ol enhanced clectro-optic-type cffccts in an inter-
ferometer-based switch.  Gain blocks will be inte-
grated o compensate for losses

® Active resonator-controlled crosspoints using a disk
resonator Lo dircet the light

¢ Diffraction-coupled active waveguides to distribute
light to various ports in a controlled manncr.

Thin-Film Electroluminescent Flat Panel Display
Technology

Pilkington Brothers, GEC, Thorn EMI, RSRE, and
the Universities of Durham, Essex, Manchester, and
University College-Cardiff are the participants in this 3-
year rescarch program which aims to establish a dc elec-
trolumincscent displays (DCTFEL) technology basc
within UK industry.

In the initial phase the RSRE process for the forma-
tion of a prototype device based on sputter deposition of
Mn-doped ZnS into cadmium stannate as the transpar-
ent conducting layer on glass will be repeated by the par-
ticipants. Semiempirical approaches to lifetime
improvement from the present hundreds of hours arc
underway. This includes variation in the deposition par-
amcters and driving conditions and correlation with ana-
lysis of failure mode.

The work at RSRE and the universities is directed to
gaining a better understanding of the basic physics of de-
vice operation and the causes of failure. Cardiff is stu-
dying barrier heights and the reactions which occur
between ZnS and a variety of transparent conducting ma-
terials using a varicty of sophisticated surfacc analysis
techniques. The Durham and Manchester groups are
studying trap distribution within the ZnS layer. Durham
has also carried out a preliminary study of the variations
in structure of a deposited Mn doped ZnS film. Essex is
undertaking a theorctical study of hot electron transport
in ZnS and is applying filament formation theory to a
possible microstructural extension to breakdown theory.

Interactive DC Power Electroluminescent Display
Devices and System

Phosphor Products, TI Rescarch, and Thames Poly-
technic are the principles in this investigation.

A program directed at optimizing the conventional
phosphor material has yielded steady improvement in rc-
sults, reproducibility, and understanding of the pro-
cesses. More radical approaches to phosphor
preparation to facilitate manufacturing are being pur-
sued. In devices, an interlayer has been introduced which
decrcases forming time and improves the uniformity of
the display. Many adhesives for affixing the backup havc
been evaluated and two preferred materials have been
determined. Investigations have been based on a display
of 640 columns by 256 rows capable of displaying 2000
characters. Displays of this format can now be readily
manufactured with acceptable performance.

A mcthod for predicting long-term display perfor-
mance by admittance spectroscopy has been determined
and is now being validated. An experiment to improve
reproducibility by correlating display performance with
manufacturing variables has been completed.
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A new sct of row drivers, recently adoplcd, has given
an increasc in display brightness and uniformity. A radi-
cal approach to column drive is underway, using a con-
stant current device. Investigation has shown that
forming to higher voltages and conscquent high-voltage
running has a beneficial effect on contrast, brightness,
and stability. This has been adopted as standard.

A 128 switch based on the 2000 character display has
been designed as well as its associated software.

Liquid Crystal Silicon Matrix

Participating in this effort are GEC, Lucid, BDH,
and the Universities of Cambridge and Liverpool.

The aim of the project is to develop the technology
for a thin, flat electronic display including graphics fa-
cility, full color, grey scale, and user interaction. Polysili-
con TFT's will be used as the active switching
components. Yicld optimization and larger scale pro-
cessing techniques form as essential part of the program,
The target for the end of the program in latc 1988 is Lo
demonstrate a prototype display of intermediate size and
complexity and a fully specified process for size AS dis-
play. The nccessary steps to scale the (cchnology to pro-
duce A4-size display will also be included.

A new polysilicon deposition process has been de-
veloped which allows growth of films with fewer defects
then obtaincd with conventional technology. This im-
proved material coupled with an optimized fabrication
process has led 10 the production of high-performance
transistors (on/off ratio higher than 108, threshoid voit-
age 8 V) which are adequate for the peripheral shift reg-
isters. A ncw active matrix circuit has been invested
which eliminates line faults due to shorted transistors.

A new liquid crystal material suitable for use in an
active matrix-addressed dyed phasc change (DPC) dis-
play with 5 V rms operation has now been developed. A
production-compatible fabrication technique for DPC
displays has also heen developed.  Significant progress
has been madce on the areas of TFT gatce insulator materi-
al, liquid crystal cell fabrication techniques, chip-on-glass
drive circuitry, and the processing of AS-size displays.

Development of Large Pane!l Storage Displays
Based on Ferroelectric Liquid Crystal

BDH, STC, Thorn-EMI, RSRE and the University
of Hull arc the participants in this 3-ycar program.

The objective is to exploit the novel propertics of fer-
roelectric smectic liquid crystals to provide a new type of
liquid flat pancl display having:
® Large arrays of addressable pixcls and large arcas
e Great simplicity of pancl construction
o Fast switching spced
e Low voltage operation.

The overall objective is to develop and demonstrate
alarge (morc than 10-inch diagonal), complex (more than

300,000 pixels) ferroclectric storage display with a total
linc address time within the 64 available with TV vidco
signals.

Test devices have been built to establish that fer-
roclectric smectic storage displays can operatc at high
resolution at the speed required for video images.

These propertics have been demonstrated using
small laboratory test devices, with about 4,000 pixels, but
these have been used to simulate the behavior of large
screens, with greater than onc million pixels.

Video line address times (which require large ma-
trices of pixels to switch in 32 us per line) arc achieved
with thesc first-generation materials at temperaturcs
greater than 35°C. Subsequent generations of materials
which are capable of faster operation at lower tempera-
tures are well advanced.

Work on spatial averaging and temporal averaging
mcthods for achieving grey levels is underway, and the de-
velopment of both conventional (microdot color screens)
and unconventional (frame sequential) methods of ren-
dering colored images.

The project is on schedule and approaching a key de-
cision point concerning the potential manufacturability of
display panels with 2-micron-thick liquid crystal layers.

CONFERENCE PAPERS

Opening Speech

Read by Mr. John Butcher, MP, Under Secretary of State for Industry and
Consumer Affairs

This Joint Optoclectronics Rescarch Scheme
(JOERS) program was launched in 1982 and is the first
major collaboration between companies and educational
institutions under the scheme. As such it is a trailblazer.
The program has been company led from the start with
university participation. The government has played an
administrative role.

The program has been selective in choice of materi-
al for R&D. The objective has been to meet industrial
nceds--the need for basic marketing and manufacturing
techniques, for example. It has been critical to the suc-
cess of precompelitive research in the photoelectronics
industry. Commercial exploitation is now beginning, for
cxample, STC-manufactured semiconductor lasers.

Thercis a clear need for collaboration in R&D at the
national level and at the European level. The role of gov-
ernment is to break down the barriers to collaboration.
Companies nced to pay attention to technical and mar-
keting skills in order to satisfy market needs. They must
convert the results of research into products. The gov-
crament is keen to sce more partnerships among com-
panics. Within my dcpartment, Mr. Butcher said, arc
JOERS, LINK, Alvey and the follow-on to Alvey.

The Europeans, look toward a single Europcan Mar-
ket in 1992, and we must build greater technical strength
in Europe through international alliances like ESPRIT




and RACE. National programs need to support Euro-
pean collaboration.

The Industrial Experience of JOERS

Read by Dr. David Kennedy, Manager, STC Opiical Devices Division

The mission ol the JOERS program is to cany out
the rescarch optoclectronics needs to develop products
for the markcet. This requires carly introduction of tech-
nology and innovation. The issucs at stake arc invention
and the exploitation of the results.

Optoclectronics requires working with clectronics
and the phasced introduction of oplics into clectronic sys-
tems. In communications, optical transmission is alrcady
widely used for long lines, and links to the users are
planned. 1CL, for example, has pionccred optical links
between its mainframe computer and peripheral equip-
ment. The final step needed is optical processing of in-
formation. The world market for optoclectronic devices
will reach £2 billion (about $3.7 billion) by 1992 with £1/2
billion in Europe alone. Optointegrated circuits will ac-
count for £1 bithion.

Among the achicvement of the JOERS program are:

e Rasing the fevel of knowledge

e Dircction of funding and other resources

e Achicving valuable university support

o Ruisiny the university skill base relevant to industry

e Fostering cxpericnce in collaboration between com-
panics and hetween companics and universitics.

In the past industry and universitics operated inde-
pendently of cach other. Now there is much greater ap-
preciation ol cach for the other’s contributions. The
importance of the exploitation of rescarch results is now
better understood by both.

Industry has a continuing nced for skilled graduates.
The meeting of this need has been aided by the JOERS
program. NMore careers are now possible in industry.
There is preat value in collaboration at the precompeti-
tive level between competing companics. Small com-
panies gain because of the increased flexibility available.
The mission of JOERS is precompetitive rescarch. There
is no long list of products to be developed.

The Academic Experience of JOERS

Presented by Professor Lric Ash, Rector, Imperial College of Science and
Technoloyy

JOERS is a first in major collaboration between in-
dustry and universitics. There was an carlier consortium
on gallium arsenide.

Inits first committee mecting the JOERS committee
debated various issues in the presence of all interested
partics. There was considerable discussion on intellee-
tual property rights and on university overhead expenses

in connection with the program. Perhaps the biggest mis-
take was in having no standard form of agreement among
the parties. The same problem arose in the Alvey Pro-
gram, resulting in scrious delays.

As viewed by the university the major benefit of the
program has been an increase in motivation to work with
industry. The work has been very successful, with inter-
action extending beyond the immediate program. Some
examples of successful collaboration efforts are: semi-
conductors waveguides with very low loss, formation and
dry ctching of gallium arscnide, and joining of wave-
guides.

Of the several impacts on the universities, three prin-
cipal ones are:

e There was more a redistribution of funding than an
overall expansion.

e Universitics began thinking about intellectual property
rights. The person responsible for an invention holds
the property rights but gives a license to the partners
in the enterprise.

@ Problems of overhcad expenses are the same in univer-
sitics as in industrial laboratories.

The UK Optoelectronic Mission to Japan
Read by Mr. John Fairclough, Chicf Scientific Advisor, Cabinet Office

It is recognized in the government that collaboration
is at the heart of the future and this recognition helps to
set the agenda for technology.

The visit to Japan was designed to improve industrial
and commercial relations with Japan. The targeted dis-
cussion was chosen to be optoelectronics. The objective
of the visit was to look at Japanese capabilitics in this ficld
and to understand their willingness to collaborate on a
mutually profitable basis. The participants in the visit in-
cluded government officials and representatives of five
UK companics and two universities. The itincrary in-
cludcd visits to Japanese universities, industry, ministry
of Trade and Industry, a science and technology agency,
one government laboratory, and onc university depart-
ment.

The Japancse optoelectronics industry in 1987 had a
production of about £5.3 billion (around $9.6 billion). Of
the total production, 30 percent resulted from optoelec-
tronic components, 57 percent from optoelectronic
equipment and 13 percent from optoelectronic systems.
Animportant factor in the Japancse market for optoelcc-
tronic equipment was the establishing of a national optic
fibcr network by NTT. Another factor was the influence
of the consumer market for optoelectronic products.

In 1986, Japan’s gross expenditure on R&D was 8,415
billion yen (about $66.7 billion) or 2.51 percent of the na-
tion’s GNP. However 80 percent of the funds come from
industry and only 20 percent come from the government.
The UK spends 2.3 percent of GNP for R&D and 46 per-
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cent of this comes from the government. In Japan only 3
percent of government rescarch expenditure is on
defense, whercas in the UK the figure is 52 percent.

Japancse companices expend much cffort in reducing
the time between discovery and use. There are two
Japanese companics operating 24 hours/day working on
10-gigabit diodes. There is very strong competition be-
tweenJapanese companies. World competitionissccond
to internal competition.

We conclude that the Japanesc arc, in general, very
little ahead in technology but they are ahcad in the exploi-
tation of technology. For example, crasable optical disks
are on the market from SONY. The Japancse companics
are driving hard for high-resolution television. Shortly,
liquid crystal displays will replace cathode ray tubes. In
optical fibcrs the Japancese are not as far ahcad as the UK
in the use of monomode. They are doing well in molccu-
lar beam cpitoxy.

The Japancse have highly developed informal com-
munication within their laboratorics. Much of their re-
search is defensive as a result of fierce competition.

The period 1979-86 has been a period of collabora-
tion in preccompetitive rescarch, including joint rescarch
in optoelectrics. A collaborative laboratory is more ag-
gressive technologically. The government provides the
capital equipment and the companics finance the oper-
ation including the furnishing of competent personncl.

On the questions of international collaboration, the
Japanesc have a desire to internationalize rescarch.
There is an awareness in Japancse industry of the nced to
collaborate with companies in Europe. They have a high
regard for UK capabilities and the fecling is that now is
the time to collaborate. In the UK JOERS has been a
good stepping stone toward collaboration, but the UK
must continuc o develop collaborative relationships.

Looking to the single European market of 1992, Fair-
clough said, we must engage in carly collaboration in
order to be cifective in Europe.

Semiconductor Optoelectronic Materials

Read by Dr. R C. Coodfellow, Managcer, Optoclecionic Macerials and
Integration Technology, Plessey Rescarch

At the start of JOERS in 1984 the industry standard
method for the preparation of optoclectronic device ma-
terials was liquid phasc cpitoxy. Molecutar beam epitoxy
(MBE) and mctalorganic chemical vapor deposition
(MOCVD) were emerging as powerful techniques for
complex compound semiconductor materials structurcs.
The UK cfforts on MOCVD and MBE were fragmented,
with several advanced centers in metallurgy, metalor-
ganic chemistry, and optical and clectrical materials char-
acterization pursuing diverse objectives.

In 1985 two JOERS consortia were formed, onc ad-
dressing MBE and GaAs-bascd materials with two indus-
trial and two university partners, and the other addressing

MOCVD and indium-phosphide-based matcrials having
three industrial and {ive university partners.

The MBE program has studicd advanced quantum
well and superlattice structures incorporating antimony
for GaAs/GaAsSDh structures and explored the powerful
in-situ. monitoring possibilitics of the technique. Since
that time, two major SERC initiatives have also concen-
tratcd on MBE for advanced quantum well and "fow
dimensional” studics. A UK company is now a world sup-
plicr of MBE cquipment, and the MBE technique has
become a popular route for the exploration of new de-
vices and materials concepts.

The MOCVD position has advanced considerably,
mainly as a rcsult of the JOERS consortium, and the UK
is now frequently acknowledged to be a current world
lcader. The UK now has three major MOCVD equip-
ment manufacturers and several chemical reagent manu-
facturers who offer proven high-purity metalorganics,
and UK clectronics companics are actively exploiting the
processes. Key developments which made possible the
advances were: the fast switching manifolds which cnable
abrupt interfaces to be achieved while separating the ar-
scnic and phosphorus gas handling; ingenious purifica-
tion techniques for the mectalorganics including the
"diphos routc”; a novel ultrasonic monitoring cell for or-
ganometallic gas phasc composition control; and the
thorough study and comparison of the four alternative ap-
proaches to growth.

The increased complexity of material structurcs
mcans thal the assessment and validation of multilayer
structures is complicated. New, more powerful tech-
niques have become a necessity. The JOERS advanced
assessment program has resulted in a specialist com-
munity of experts addressing optical, clectrical, metallur-
gical, and chemical analysis techniques.  Alrcady.
practical metallurgical and chemical analysis processcs
have been established and are in routine use.

The optical systcms up to 1985 have used discrete op-
toclectronic components which are small-arca devices,
less demanding on uniformity and yield. The more ad-
vanced systems and low-cost systems planned for the next
5 years demand a higher yield of components to tighter
specifications, a higher level of integration, and inte-
grated optical signal processing. These requirements
translatc into larger arcas, greater complexity, better re-
praducibility, and tighter quality assurance. The semi-
conductor matcrials technology R&D carried out under
JOERS has enabled UK industry to establish major roles
in the RACE program for a pan-European broadband
nctwork in the coherent optical system, customer access
connection, and low cost component areas.

Insummary, thc JOERS program’s impact onthc UK
scmiconductor optoclectronic materials position has
been to transform an enscmble of highly compcetent but
fragmented groups into clfective interacting com-
munitics, thereby acceelerating the exploitation of the ad-
vanced epitaxial growth technologics.
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Semiconductor Optoelectronic Device Technology

Presenced by Dr. POt Kakby, Tecmucal Soratege Maaager, STC Technol-
oy
[as

The JOERS projects in semiconductor optoclec-
tronic device technology are aimed at developing under-
standing and control of the physics and technology for the
nextgencration of semiconductor optoclectronic devices.
These devices will be the keyv components for the next
stages ol the penctration of optics into clectronics. The
majority of projects are aimed at integrated components
for optoclectronic switching networks which will have the
capacity to handle information at rates well beyond the
limit< of today’s purely clectrical systems. Tt is widely an-
tcipated that by the nid-1990°s these optoclectronic
switching networks will form the basis of communication
nctworks bringing broadband servicesto business and do-
mestic subseribers, Small versions of these networks con-
fincd to cquipment ranks or ¢ven within individual
clectronic units are also expected to overcome the pres-
ent severe communications problems in paralle] process-
ing computers and ¢nable much more powerful
fifth-gencration computers to be developed.

There are many different potential approaches to
solving the severe problems of switch capacity that oceur
at the nodes of complex broadband networks,  These
range from all-clectronic switching with optical intercon-
nection to all-optical switching with optical logic for rout-
ing. The JOERS program, in conjunction with in-house
and ESPRIT and RACE projects, has eniabled the major
UK clectronics  companies to rescarch the options in
greater depth and breadth than would otherwise have
heen possible. The collaboration has also provided valu-
able cross fertilivation and new university-industry links.
This will pav olf not only in dircct component develop-
ments but also in the development of the complete sys-
tems,

The FOERS 1 projects on semiconductor waveguide
integrated opties-hase technology and active optical
switching and logic and their JOERS I succeessors arce
making good progress towards the development of elec-
trically controlled optical space switches. The use of
semiconductor materials for integrated optics offers the
prospects of size reduction and integration with lasers,
detectors, and transistors. There are, however, signifi-
cant technological difficultics to overcome in order o
demonstrate leasibility.

The lirst target is low-loss transmission through
single-maode semiconductor waveguides. Work at the
University of Glasgow, Plessey, and BTRL has put the
UK in a world-leading position with logses below 1 dB/em
in both GaAs and TnP matcrials systems. A key part of
the work has been the development of new dry ctehing
techniques using low-pressure ionized gas plasmas.
Novel gas combinations and clectrode configurations
have given sulticicntly smooth and vertical waveguide

sidewalls to reduce scattering and achieve these results.
The work is now being cxtended to curved waveguides,
mirrors, Y-junctions, and crosspoints necessary Lo make
a2x2 crosspoint switch. The target is to demonstrate such
a switch within 1 vear.

Determining the best way to use the rapidly develo-
ping optoclectronic technology in the heart of computers
and telccommunications switches has been the major aim
of the Digital Optics project. University College with ma-
terials support from Shefficld University have demon-
strated new types of opioclectronic logic switching
clements bascd on the reeently discovered quantum con-
fined Stark cffect semiconductor light modulators. Ples-
sey and STC arc pushing ahcad to make arrays of such
devices. The close involvement of computer system
architects and device technologists in the project is help-
ing o define more clearly the areas in which optical in-
terconnection can provide an overall system benefit.
These ideas will form the basis for major UK projects in
optoclectronic computing and switching in the 1990’s.

Liquid Crystal Displays

Presented by Dr. J.C. White, Head of the Optical Devices Departmen,
Thorn-EMI.

The range of display technologies have been re-
scarched under collaborative JOERS projects including
electroluminescent, active-matrix liquid crystal and fer-
roclectric liquid crystal displays.

Active-matrix and ferroclectric tcchnologies arc
both contenders for vidco TV applications with the for-
mer already available in the marketplace. This presenta-
tion concentrates on the more speculative arca and the
use of a new Lype of liquid crystal display cxploiting fer-
roclectric LC materials.

The program of interest is the JOERS Alvey Project
LMS8/11/5, "Large Panel Storage Displays Based on Fer-
roclectric Liquid Crystals.”

Collaborators in the work are:

STC Technology Ltd. (Harlow), Thorn EMI CRL.
(Hayes), BDH Ltd. (Poole), RSRE (Malvern), and the
Department of Chemistry, the University of Hull.

Overall Objectives: Ferroclectric liquid crystals
make possible a new generation of liquid crystal flat pancl
dienlays with a unique capability of rapidly addressing
very large arrays of picture elements, while avoiding the
complexitics of active-matrix addressing. The program
aims to cstablish a world lead in this technology by adopt-
ing the following ambitious device objects:

e To develop and demonstrate a rectangular ferroclec-
tric liquid crystal display with a screen diagonal in cx-
cess of 10 inches, with greater than 300,000 picture
clements, and with a line address time compatible with
the requirements of video images

o Todcvelop techniques to enable thesc displays to ren-
der images in color, and with grev scale. To demon-
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strate the principles of these techniques by building en-
gincering demonstrators.

While these project objectives have been stated
largely in device terms it is recognized that the program
is driven specifically by developments in liquid crystal ma-
terials.

Nonlinear Optical Devices

Read by Mr. 5.C. Gratze, Manager, Optical and Microwave Devices Di-
vision, GEC Marconi Research Center.

Defining Nonlinear Optics. Thc term "nonlincar op-
tics” is applicd Lo a varicty of optical phenomena in which
the propagation of light can vary by external influcnces.

Light can interact dircctly with light via the nonlincar
optical properties of the medium in which it is traveling.
These propertics arise from a varicty of optoclectronic cf-
fects ranging from photo-refraction to third-order
(atomic) susceptibility. Thesc intcractions can be usced
to: generate sccond harmonic radiation, (¢.g. green light
from a 1.)6-m infrared laser) or to shift the frequency of
an optical signal for use, for example, in coherent com-
munications. They can also be used to amplify weak op-
tical signals to aid their transmission or detection or to
reflect them in phase conjugated form (as is being inves-
tigated for novel laser sensor and communications con-
cepts).

"Nonlincar optics” also includces the interaction of
light with applicd clectric fields, from dc to microwave,
via the Pockels or the Kerr effects. These effects result
in a change of the refractive index of the clectro-optic me-
dium employcd. The resultant optical phase shift can, if
required, be converted to amplitude modulation or po-
larization rotation. Devices based on these cffects in-
clude optical modulators (both temporal and spatial),
optical switches, and tunable optical filters.

A third type of interaction is that between ultrasound
and light, where the acoustic waves change the local re-
fractive index to form phase gratings corresponding to the
wave-fronts. These gratings act like holograms to diffract
the light, and the effect is used to produce beam deflec-
tors, modulators, and tunable optical filters.

In this presentation, contributions to nonlincar opti-
cal device technology from three JOERS projects is illus-
trated by presenting both the achicvements of the projects
and the subscquent use of the JOERS technology base.
There arc scveral other projects which have made import-
ant contributions to nonlinear optics but lime docs not
permit the inclusion of any details of the result to be in-
cluded. In particular, major advances have been made in
spatial light modulator! technology and in tunable opti-
cal filters” and these are referred to in the conclusion of
this presentation.

Integrated Optics In Lithium Niobate. Lithium Nio-
bate, which currently offers integrated optical devices
with the highest performance and greatest complexity,
has becn the subject of two JOERS projects, Lithium Nio-

bate Integrated Optics, LM8/3/100, and Integrated
Optic Device Technology, LMS8/03/137. Plessey, STI.,
Barr and Stroud, GEC, University College London, and,
the Universitics of Glasgow, Sussex, and Surrey con-
tributed to these projects. The major outputs have been
the development of high-quality lithium niobate in 3-inch
diamctcr boulcs, the establishment of new and improved
integrated optic process technology, enhanced device de-
signs, and bctter measurement techniques. These
achievemcnts and their subsequent applications can beil-
lustrated by cxamining the increase in performance of
wideband integrated optic modulators, the use of inte-
grated optical components for sensor applications, and
the complexity of optical switching components which
have now been demonstrated.

Organic Materials. The Organic Electro-optic and
Nonlinear Optical Materials Project, LM8/03/112, sccks
to cxploit the large nonlincar optical coefficients of or-
ganic materials, their molecular design flexibility, and
their potential for new dimensions in device fabrication
techniques.  ICI Plessey, GEC, BDH, BTRL, UMIST,
Herriot Watt, Strathelyde, and Oxford universitics and
Qucen Mary College (London), have all participated.
Techniques have been developed to design nonlinear op-
tical molecules and predict their performance which has
led 1o the synthesis of many new nonlinearoptics moieties.
Experimental techniques have been developed to charac-
terize the resulting materials both optically and crystalo-
graphically, permitting the most attractive candidates to
be grown in single-crystal form for use in experimental
devices. A selection of the materials which have been de-
veloped will be presented and their application to proto-
type devices indicated.

Summary and Cenclusions. The JOERS projects
indicated have cstablished the enabling technologies for
integrated optics in lithium niobate and organic materi-
als for electro-optic and nonlinear optic devices. Other
projects developed electrically and optically addressed
spatial light modulators and acousto- and electro-optical
tunable filters. In doing this the projects have gencrated
many processcs, designs, and concepts for cnhancing the
utility of a widc range of devices. This technology and de-
vice expertisc is now being built on to develop practical,
high-performance devices for a wide variety of optical
communications, optical signal and data processing, and
optical sensing applications. The projects have also con-
tributed to the availability of cnginecrs and scicntists with
the necessary expertise Lo continuc to exploit optoclec-

1 Spatial light modulators arc optical devices which impress a pat-
tern, such as an image or data, across the spatial cross section of an
cxpanded lascr beam. They can be applied to a variety of optical pro-
cessing or computing functions as well as to optical switching, image
filtering, and projection displays.

2 Tunablc optical filter can transmit specific optical wavelengths that
can be changed or programed at will and can provide simultaneous fil-
tering of a whole scene.




tronics. As a result, the UK has a capability in thesc tech-
nologics which is fully equal to the best in the world.

There are compelling reasons for now giving priority
to systems/applications pull rather than to technology
push. Principal among these are that the increased func-
tonality now being achicved results in more applications-
specific devices and that the optimum and most
cost-ettective use of optoclectronic technology can often
oniy be properly judged in the context of real systems. To
continue to succeed in the future we must maintain the
technology base and design capability at the world state-
of-the-art level and use these Lo develop devices to full
commercial viability and with increasing functionality.
Most unportantly, the exploitation of the devices in as
wide a range of system applications as is possible must be
strongly encouraged.

The Future Importance of Optoelectronics

Presenicd by Projessor J L. Midwinier, Brivch Telecom Professor in Op-
toclectronics, Universay College (London)

During the 1980%, optoclectronics has moved from
being a technology that was only uscd when it was de-
signed to interface between an optical scene and an clec-
tromie svstem, to vne thatis increasingly chosen on its own
mcrits in preference to electronies, even through clectro-

nics could carry out the required function. Examples of
the former applications are:

o Camcras
e Visiblc and infrarcd detectors
e Lasers and displays.

In the latter case, we have optical fibers replacing
mctal cable, and compact disc ROM’s starting to invade
the territory previously held by magnetic recording
media. In the future, we sec this trend intensifying as op-
tical technology penctrates more deeply into the infra-
structurc of information communication, storage and
processing. Key examples are likely to include:

¢ Optical I/0 for wafer-scale circuits

e Optical "wiring" overlaid on wafer scale circuitry

e Optical sclf-routing nctworks (photonic switching)
o Ultrafast multiplexing, coding and preprocessing

¢ Optical association memorics and pattern recognition
systems.

Thus optoelectronics is moving inexorably from a
purcly interface technology to one that will be the key to
the successful implementation of a very wide range of in-
formation systcms.
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